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(3) Method and apparatus for automatically analyzing particles in a liquid. 


(57) A specimen (20) (e.g. a blood specimen) is 
sucked up and divided by a sampling valve (17) 
into first and second samples. The first sample 
goes to a first measuring unit (18) and basic 
properties such as the number of red blood 
cells, the number of white blood cells and the 
volume of haemoglobin are measured (primary 
examination). During the primary examination, 
the second sample is temporarily stored in a 
sump (30). On the basis of the results of the 
primary examination, it is decided whether or 
not to measure additional properties such as 
the leukocyte classification and the number of 
reticulocytes (secondary examination), if secon- 
dary examination is necessary, the second 
sample is transferred from the temporary sump 
(30) to a second measuring unit (34). If secon- 
dary examination is not necessary, the second ^ 
sample is disposed of down a drain (32). o 
The temporary sump (30) makes it possible to u. 
suck up a second specimen before or during 
the secondary examination of the first speci- 
men. Thus, the specimens are processed at a 
quick rate. 

Preferably, the apparatus is split into separate 
modules (10, 12) for the primary and advanced 
examinations, so that the modules may be cus- 
tomized to suit the particular examinations re- 
quired. 
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Th present inv ntionrelat stoam thod and ap- 
paratus for automatically analyzing particles in a liquid 
( .g. in a bio d specimen), such as a m thod for au- 
tomatically analyzing the part id s by using a plurality 
of analyzing modules which measure different proper- 
ties and apparatus including such analyzing modules. 

A blood cell counter is well known. The main type 
of blood cell counter measures basic properties such 
as the number of red blood cells, the number of white 
blood cells and the quantity of haemoglobin. Other 
types classify leukocytes and count reticulocytes. 

In blood examinations, first of all basic properties 
such as the number of red blood cells, the number of 
white blood cells and the quantity of haemoglobin are 
measured (primary examination). Then further specif- 
ic additional properties may be measured on the basis 
of the first results, such as leukocyte classification 
and measurement of reticulocytes (secondary exam- 
ination). If the basic properties are normal, the sec- 
ondary examination is not necessary. Only abnormal 
basic properties require secondary examination to be 
performed. Thus, there is a significant difference be- 
tween the frequency of measurement of basic proper- 
ties and the frequency of measurement of additional 
properties. 

A known two-step measurement apparatus is 
shown in Fig. 1. A specimen 52 is mounted in a spe- 
cimen rack 50 and conveyed by a conveyer 48. The 
specimen is sampled by a suction unit 42 of a basic 
examination device (blood cell counter) 40 and the 
sample is measured. The result of the basic measure- 
ment is produced. A controller (not shown) judges 
whether or not additional examination is necessary on 
the basis of the result. If additional examination is nec- 
essary, the specimen 52 is sampled by a suction unit 
46 of an additional examination device (for example, 
a reticulocyte measuring device) 44 and the sample 
is measured. Then the result of the additional meas- 
urement is produced. If additional examination is not 
necessary, the specimen 52 does not stop at device 
44. 

Such a system is disclosed in Japanese Laid- 
open Patent Hei. 2-163660. A plurality of analyzing 
modules are disposed in parallel. Specimen circulat- 
ing means efficiently sends the specimens to the ana- 
lyzing modules. 

When the examination system is built up by mere- 
ly using a plurality of analyzing devices, the system is 
expensive and requires a lot of space. Also, if addi- 
tional examination is necessary, time is spent taking 
a second sample from the specimen, and the speci- 
men must be large enough to provide the second 
sample. 

According to a first aspect of the present inven- 
tion, there is provided a m thod of automatically ana- 
lyzing particl s in a liquid, th m thod comprising th 
steps of: 

(a) aspirating a first specimen; 


(b) pr paring first and second samples from the 
specim n; 

(c) transf rring the first sample to a measuring 
unit and measuring ne or more basic pro perti s; 

5 (d) storing the second sample in a temporary 

sump; 

(e) analyzing the results of the basic measure- 
ment and deciding whether or not additional 
measurement is necessary; 

10 (f) disposing of the second sample if additional 
measurement is not necessary, or transferring 
the second sample to a measuring unit if addition- 
al measurement is necessary and measuring one 
or more additional properties; and 

15 (g) aspirating a second specimen before the end 

of the additional measurement of the first speci- 
men. 

Preferably, during step (g) the second specimen 
is aspirated before the end of the basic measurement 

20 of the first specimen; steps (b) to (f) are repeated on 
the second specimen; and during each step (d) the 
second sample is stored in an empty one of a pair of 
temporary sumps. By having two temporary sumps 
and aspirating the second specimen before the end of 

25 the basic measurement of the first specimen, the spe- 
cimens are processed at a faster rate. 

According to a second aspect of the present in- 
vention, there is provided apparatus for automatically 
analyzing particles in a liquid, comprising: means for 

30 preparing first and second samples from a specimen; 
a first measuring unit for measuring one or more basic 
properties of the first sample; at least one temporary 
sump for temporarily storing the second sample; a 
second measuring unit for measuring one or more ad- 

35 ditional properties of the second sample; means for 
analyzing the measurement results; and means for 
controlling the operation of the apparatus. 

Preferably, the apparatus comprises a plurality of 
analyzing modules including (i) a basic analyzing 

40 module containing the first measuring unit and the 
sample preparing means and (ii) an additional analyz- 
ing module containing the second measuring unit and 
the temporary sump(s). Because the apparatus is split 
into modules, the particular additional analyzing mod- 

45 ule may be selected to suit the purpose of the exam- 
ination. 

In an embodiment, the first sample is transferred 
to the measuring unit of the basic analyzing module 
and the second sample is transferred to the temporary 

so sump of the additional analyzing module. 

In the measuring unit of the basic analyzing mod- 
ule, basic properties are measured, whilst the second 
sample remains in the temporary sump in the addi- 
tional analyzing module. On the basis of the results of 

55 th basic measurement it is judged wheth r rn t ad- 
ditional measurement is necessary. More sp cifically, 
when the basic measur ment results are normal, ad- 
ditional m asurement is n t n cessary and the sec- 
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ond sampl kept in th temp rary sump is disposed 
of. If abn rmality is suspect d, additional m asure- 
m nt is judged to b necessary and the s cond sam- 
pl is s nt to the second measuring unit so that the ad- 
ditional properties may be measured. 

When the basic measurement of the first speci- 
men is over, whether or not additional measurement 
is required, the next specimen is aspirated. In the 
case of additional measurement of the first specimen, 
the additional measurement of the first specimen and 
the aspiration of the next specimen overlap. 

When two temporary sumps are provided, the 
processing of successive specimens may be overlap- 
ped to a greater extent than if only one temporary 
sump is provided. 

The invention will now be described by way of 
non-limiting embodiments with reference to the ac- 
companying drawings, in which:- 

Fig. 1 is a schematic diagram of a conventional 
apparatus for automatically analyzing particles; 
Fig. 2 is a schematic diagram of an embodiment 
of an apparatus for automatically analyzing par- 
ticle in accordance with the invention; 
Fig. 3 is a schematic diagram of sample preparing 
means and associated components of the appa- 
ratus of Fig. 2; 

Fig. 4 is a schematic diagram of an alternative to 
the arrangement of Fig. 2; 
Fig. 5 is a time chart of the operation of the appa- 
ratus of Fig. 3; and 

Fig. 6 is a time chart of the operation of the appa- 
ratus of Fig. 4. 

Fig. 2 shows a basic analyzing module 10 for 
measuring the basic properties, an additional analyz- 
ing module 1 2 for measuring the additional properties, 
a control device 13 for controlling the modules 10 and 
12, and an analyzing device 14 for analyzing the 
measurement results. Module 10 contains sample 
preparing means 1 5 for preparing a first sample for the 
basic analyzing module and a second sample for the 
additional analyzing module. The sample preparing 
means 15 comprises means 16 for taking blood sam- 
ples of predetermined volume from a blood specimen 
20, suction means S3 connected to a specimen suc- 
tion probe 28 for introducing the blood specimen into 
the sample taking means 16, and liquid dispensing 
means S1 , S2 for dispensing specific volumes of liq- 
uid to dilute the first and second samples to have spe- 
cific dilution factors and for expelling the first and sec- 
ond samples. 

A practical example of the sample taking means 

16 is shown in Fig. 3. It comprises a sampling valve 

17 having a plurality (three, for example, in this m- 
bodiment) of elements 22, 24, 26 possessing passag- 
es for passing liquid such as sample or diluent liquid. 
Th el m nt 24 is movable and is located between 
stationary elements 22, 26. As the movable element 
24 rotat s, through passages P1 , 92 disposed therein 


BNSDOCID: <EP 051 7477 A2_l_> 


isolat pr determined volumes of th blood specim n 
to f rm the first and s cond sampl s. 

Th r will now b described the operation of the 
apparatus of Figs. 2 and 3 with r ference to the tim 
s chart of Fig. 5. The numerical values in Fig. 5 denote 
time measured in seconds. 

(1) Specimen suction step (A1). 

10 A first blood specimen in a specimen container 20 
is sucked into the passages P1, P2 of the sampling 
valve 17 by the suction means S3. 

(2) Sample preparation step (B1). 

15 

The movable element 24 rotates and the speci- 
men in the passages P1 , P2 is isolated to form the first 
and second samples. When the movable element 24 
has rotated through 180°, the dispensing means S1 is 

20 operated and the first sample in the passage P2 is 
sent to a measuring unit 18 of the basic or standard 
analyzing module 10 together with diluting liquid. The 
liquid dispensing means S2 is operated and the sec- 
ond sample in the passage P1 is transferred to a tem- 

25 porary sump 30 of the additional analyzing module 12 
together with diluting liquid. The temporary sump 30, 
e.g. a chamber, is connected through valves V1, V2 
to a waste liquid chamber 32 and a measuring unit 34 
for measuring additional properties. Instead of diluting 

30 the specimens prior to measurement, they may be 
mixed with hemolyzing agent dyestuff or the like, de- 
pending on the measurements to be performed. 

(3) Basic analyzing module measurement step (C1). 

35 

The basic properties are, for example, the num- 
ber of red blood cells (RBC), the number of white 
blood cells (WBC), the quantity of haemoglobin 
(HGB), the haematocrit level (HCT), the mean red cor- 
40 puscular volume (MCV), the quantity of mean red cor- 
puscular haemoglobin (MCH), the mean red corpus- 
cular haemoglobin concentration (MCHC), and the 
number of platelets (PLT). These eight basic proper- 
ties are measured in the measuring unit 18. 

45 

(4) Temporary retention step (E1). 

The second sample of the additional analyzing 
module 12 is held in the temporary sump 30. 

50 

(5) Decision step (D1). 

When th measurement of the basic properties is 
over, the results are analyzed by the analyzing unit 
55 14, and it is d cided wheth r or not additional meas- 
urem nt is n c ssary. 
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(6) Disposal step (G1). 

When additional examination is not necessary, 
the second sample in the t mporary sump 30 is direct- 
ly disposed of into the waste liquid chamber 32. 

(7) Additional analyzing module measurement step 
(F1). 

If additional measurement is necessary, the sec- 
ond sample is transferred from the temporary sump 
30 to the measuring unit 34, and an additional prop- 
erty (for example, the number of reticulocytes) is 
measured. Alternatively, the measuring unit 34 may 
classify and count the leukocytes. 

(8) Steps for next specimen (A2 to G2). 

After the decision step (D1), without waiting for 
the end of the measurement step (F1) of the additional 
analyzing module 12, the basic analyzing module 10 
starts processing the second specimen. Steps A2 to 
G2 for the second specimen correspond to steps A1 
to G1 for the first specimen. 

Because the temporary sump 30 temporarily 
holds the second sample in the additional analyzing 
module 12, the additional measurement step F1 and 
the steps A2 to E2 on the next specimen occur at the 
same time, so that the overall processing time for all 
of the specimens is shortened. In fact, as may be seen 
from Fig. 5, for a large number of specimens the over- 
all processing time would be almost half what it would 
be if the specimens were processed one by one. 

If the measurement step F of the additional ana- 
lyzing module takes longer than steps A to D of the ba- 
sic analyzing module, the interval between succes- 
sive starts of the cycle of steps (each start is indicated 
by a black triangle in Fig. 5) will increase and settle 
down to a value equal to the duration of the measure- 
ment step F. However, if necessary, more measuring 
units 34 may be provided in the additional analyzing 
module 12. 

If the time required for the measurement step F is 
shorter than the total time required for steps A to D, 
steps A1 to D1 for the first specimen may slightly over- 
lap steps A2 to D2 of the second specimen. Thus, 
shortening the length of the measurement step F en- 
ables the interval between successive starts of the cy- 
cle of steps to be reduced. 

However, because there is only one temporary 
sump 30, the overlap of steps A1 to D1 and steps A2 
to D2 must not be increased to the extent that the tem- 
porary retention st ps E1 and E2 overlap each other. 
If it is desired to shorten still further the int rval be- 
tw en successive steps A, another t mporary sump 
must be included in th additional analyzing module 
12. 

Such a modifi d arrangement is shown in Fig. 4, 


where a second temporary sump 36 is disposed be- 
tween the sample preparing means 15 and the meas- 
uring unit 34. The second temporary sump 36 is dis- 
pos dins ries with and upstr am of the first tempor- 

5 ary sump 30. Between the temporary sumps 30, 36 is 
a valve V3. The second sample of the first specimen 
passes from the sump 36 to the sump 30 and remains 
there until the end of step E1. This leaves sump 36 
free to receive the second sample of the second spe- 

10 cimen at the beginning of step E2. When the second 
sample of the first specimen is transferred to the 
measuring unit 34 or waste liquid chamber 32, the 
second sample of the second specimen is transferred 
during step E2 from the sump 36 to the sump 30. The 

15 sump 36 is then empty, and it is ready to receive the 
second sample of the third specimen at the beginning 
of step E3. In this way, the second samples sequen- 
tially move along the sumps 30, 36 so that the second 
samples of two specimens may be temporarily stored 

20 at the same time. 

The second temporary sump 36 may be connect- 
ed in parallel to the first temporary sump 30, so that 
the sumps alternately receive successive second 
samples. 

25 Fig. 6 is a time chart showing the overlap that is 
possible when the second temporary sump 36 is 
used. The numerals in Fig. 6 denote time measured 
in seconds. The temporary retention steps E1 and E2, 
and E2 and E3, of the additional analyzing module 

30 overlap each other. 

In the above explanation of Figs. 2 to 6, the basic 
properties are measured and then, if necessary, the 
additional properties are measured. 

Before each measurement step C, a selection 

35 may be made between three alternative modes of op- 
eration: 

(i) measure the basic properties and, if neces- 
sary, the additional properties; 

(ii) measure only the basic properties; and 

40 (Hi) measure the basic properties and the addi- 
tional properties irrespective of the outcome of 
the basic measurement. 

As a result, the apparatus can examine the spe- 
cimens in a flexible manner. Preferably, the examin- 
45 ation mode is set individually for each specimen. This 
may be achieved by attaching a bar code label or 
other identification means to the specimen container 
and installing means for reading the identification 
means, e.g. when the specimen container reaches 
50 the basic analyzing module 10. 

Embodiments of the present invention offer the 
following benefits 

(1) The apparatus for automatically analyzing 

particles has a plurality of analyzing modules, and 
55 the analyzing m dules can be sel ctedsothatthe 

d sir drang of properties are measured. This is 

done by s I cting appropriate modules for the 

particular type of xamination. 
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(2) The additi nal analyzing module is provided 
with means for temp rarily r taining the second 
sampl , and this permits overlap of the xamina- 
tion operations of successive specimens. Each 
specimen is sampled only once, and sample 
waste is eliminated and time is saved. 

(3) After the results of the basic measurement are 
known, it is decided whether to dispose of the 
second sample or to measure additional proper- 
ties. Thus, only specimens which need additional 
examination are subjected to such examination. 
The additional examination of a specimen does 
not slow down the apparatus because it is per- 
formed in parallel with the basic examination of 
the next specimen. 

Thus, the apparatus is economical and efficient. 

Having described preferred embodiments of the 
invention with reference to the accompanying draw- 
ings, it is to be understood that the invention is not lim- 
ited to those precise embodiments, and that various 
changes and modifications may be made by one skil- 
led in the art without departing from the invention. 


Claims 

1. A method of automatically analyzing particles in 
a liquid, the method comprising the steps of: 

(a) aspirating a first specimen; 

(b) preparing first and second samples from 
the specimen; 

(c) transferring the first sample to a measuring 
unit (18) and measuring one or more basic 
properties; 

(d) storing the second sample in a temporary 
sump (30); 

(e) analyzing the results of the basic measure- 
ment and deciding whether or not additional 
measurement is necessary; 

(f) disposing of the second sample if additional 
measurement is not necessary, or transferring 
the second sample to a measuring unit (34) if 
additional measurement is necessary and 
measuring one or more additional properties; 
and 

(g) aspirating a second specimen before the 
end of the additional measurement of the first 
specimen. 

2. A method according to claim 1 , wherein: 

a plurality of analyzing modules (10, 12) 
are used; 

during steps (a) and (g) the first and sec- 
ond specimens are aspirated into a basic analyz- 
ing m dul (10); and 

during step (d) th second sample is stor- 
d in an additi nal analyzing module (12). 


3. A m th d according to claim 1 or 2 t wherein in 
step (g) the second specim n is aspirated after 
the basic m asurement of the first specimen. 

5 4. A method according to claim 1 or 2, wherein: 

during step (g) the second specimen is as- 
pirated before the end of the basic measurement 
of the first specimen; 

steps (b) to (0 are repeated on the second 
10 specimen; and 

during each step (d) the second sample is 
stored in an empty one of a pair of temporary 
sumps (30, 36). 

15 5. A method according to any one of claims 1 to 4, 
wherein, before the basic measurement of each 
specimen, a selection is made between (i) retain- 
ing steps (e) and (0 in unmodified form for the 
specimen, (ii) modifying step (e) so that additional 

20 measurement of the specimen is deemed not to 
be necessary, irrespective of the outcome of the 
basic measurement, and (iii) modifying step (e) 
so that additional measurement of the specimen 
is deemed to be necessary, irrespective of the 

25 outcome of the basic measurement 

6. Apparatus for automatically analyzing particles in 
a liquid, comprising: 

means (15) for preparing first and second 
30 samples from a specimen; 

a first measuring unit (18) for measuring 
one or more basic properties of the first sample; 

at least one temporary sump (30, 36) for 
temporarily storing the second sample; 
35 a second measuring unit (34) for measur- 

ing one or more additional properties of the sec- 
ond sample; 

means (14) for analyzing the measure- 
ment results; and means (13) for controlling the 
40 operation of the apparatus. 

7. Apparatus according to claim 6, wherein the ap- 
paratus comprises a plurality of analyzing mod- 
ules (10, 12) including (i) a basic analyzing mod- 

45 ule (10) containing the first measuring unit (18) 
and the sample preparing means (15) and (ii) an 
additional analyzing module (12) containing the 
second measuring unit (34) and the temporary 
sump(s) (30, 36). 

50 

8. Apparatus according to claim 6 or 7, wherein the 
sample preparing means (15) comprises a sam- 
pling valve (17) for isolating predetermined vol- 
um softhesp cimen to form the first and second 

55 samples, a specimen suction prob (28) connect- 

ed to the sampling valve (17), sp cim n suction 
m ans (S3) connect d to the sampling valv (17), 
liquid dispensing means (S1) connected to the 
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sampling valve (1 7) for transferring the first sam- 
pl t the first measuring unit (1 8), and liquid dis- 
pensing m ans (S2) connected to the sampling 
valve (17) for transferring the s cond sampl to 
the temporary sump (30) or one of the temporary 5 
sumps (30, 36). 

9. Apparatus according to any one of claims 6 to 8, 
wherein at the at least one temporary sump (30, 
36) comprises a pair of sumps (30, 36) arranged 10 
in series or parallel upstream of the second meas- 
uring unit (34). 
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